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A PASSIVE-SOLARRETROFITSTWY FM THE ~NITEOSTATESMAVY+

UlllfamO. WY* and CharlesR. 1411es-

●LOS AlamosNationalLaboratory,P.O. Box 1663,MS/571,
Los Almtos, u*#kXfCO 87545USA

•~us N~vy, Civil EngineeringLaboratory*
Port Humane, California93043 USA

ABSTRACT

A passivesolarretrofitstudyhas been co?duct~dfor the UnitedStatesN#vy &t
the Los AlamosNationalLaboratory. The purposeof the studywas to determine
the energysavingsobtainablein concreteblock buildingsfrom severalpassive
solarheatingstrategies. A procedurefnvolvingthe use of testcell data and
computersiwlation was employedto assess the =-its of six retrofitoptions.
The six strategiesselectedwere chosenon the basfsof providinga seriesof
optionsthatwill delivw increasingenergy savingsat the cost of corresponding-
ly increasedlevelsof comitment.

K[YWRDS

Passivesolar heatingretrofit;direct gain; thermalstoragewall;concreteblock.

INTRODUCTION

Many US Navy offi~s buildingsand livin quartersare constructedwith concrete
?bl+xkwalls and pouredconcretofloor $ abs. The massive natureof thesebuild-

in9smkes them primecandidatesfor tho applicationof passivesolar space
heatin retrofitsbecause tht structureshave ●nough inherentheat cspacityto

!effectV*1Y storeand utilizelargequantitiesof solarenergy, The present
studywas initiatedin order to assess the meritsof sewal retrofitstrategies
and to com!we thosa stratagfcswith simpleddditlonof insulationto eitherthe
inneror outor surfaceof the blockwalls. The resultsobt?inedare applicable
to south-facingblockwalls or blockwalls that departfrom true southby no more
than 30° to the east or west. The optimumorientationfor passiwesolarspace
hettin9is 9@n@rallyclose to true southbut penaltiesare small (lessthan 51)
for deviationsof up to 300, Our resultsindicatethat employingpassivesol~r
strategieson south-ftcingblockwalls is preferableto the use of insulation,
which,under some conditions,CM a:tuallyincr~as~the buildingheat load.

‘Thiswtrk was perfomed under the auspicesof the US Navy Civil [engineering
Laboratory.



TYPICAACONCRETEBLOCK NAVY BUILDING

The floorplan of a roan In a typicalNavy B.E.Q. (BachelorEnlistedQuarters)of
concretsblockconstructionis presentedin Fig. 1. The buildingitselfis
generally2 to 3 storieshi h andmay contain10 to 200f theseroanson each

?floor,os wll as additiona consnonareasfor lounges,concessions,etc. The
externalwallsare constructedof 0.203m concretebuildfnqblocks,and the
floorsare pouredconcreteslabs,0.152mthick on the groundleveland 0.102m
thickon the upper levels. The interiorpartitionsare generallyof lightweight
constriction,and the windowsare singleglazed.

The experimentaland computationalphasesof the analysisreportedin the paper
are baseclon the behaviorof a singlesouth-facingzone that is thermallycoupled
to otherzonesin the structureby a forcedair heat distributionsystem. The
b ildlngthermalfactori approximately261 kJ per heatingdegreeday (oC)oer
Y 3m of floorspace(kJ/DDm ). Thus, a single36.2m2 zone experiencesa
heat loadof 944BkJ/DD,

The exteriorwall rea of the zone (assumedto he southfacing)is 11.5n12of
!which about 2.23m is takenby windows. This entiresouth-facingsurfacecan

be considereda solarcollectorthatmay be efficientor inefficient,depending
on the trtatmmt of the wall.

TESI CELL EXPERIMENTS

Two adjacentinstrumentalpassivesolar testcellswere used to providea source
of data fol”validatingccmputermodelsof a typicalconcreteblockbuildingand
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Fig* 10 Floorplan of typictlroml,

the variousretrofitoptionscons{dcred
in this study. The cells are about 1,52
m wide, 3.04m high, and 2.44m deep.
Constructionis 0.1 m stud frame (except
for the southwall)with fiberglass
battsin the cavitiesand 0,0254m of
polystyrenefoa~ insulationon the
insidesurfaces. $olidconcreteblocks
were placedon the floorand suspended
from thece?ling on a metal rack to
representthe concretefloorslabs
presentin the actualbuilding, A fixed
Infiltrationr*te of two air changesper
hour was induc:dby a blowerin order to
increasethe heat load of the cells and
simplifythe analysisof infiltration
heat transfer. Electricllghtbulbs
with a totalpowerof 1 kW wem placed
in each test cell as a sour%eofauxll.
iaryheat. The li ht bulbswwe thenlio-

!staticallycontroled by the HP 9645
data acquisitionsystemthat :imitedthe
globe temperaturesof the enclosuresto
a minimumof t40Co

The southwall of one of the testcells
(cell10) used in this projectwas
constructedto representa typicalNavy
concreteblockbuildingand was
mai,ltainadin that fixedreference



configurationthroughoutthe test per!od. Concswtebufldfngblock-wfth nominal
dimensionsof 0.203mby0.203mby 0.406mwere set fn place and carefully
sealedat the edges. One sfngle-glazedwindowwith a width of 0.635m and a
heightof 0.866m was centiredIatmally an the wall wfth the l-r edge about
1.22mab.ve zhe bottom of the blockwall. The blockwall was paintedbeige,a
color frequentlyused on Navy bufldfngs. The measuredsolarabsorptanceof the
betge blockswas 0.60.

The secondtest cell (cell9) was originallyconfiguredto be ldentfc&lto the
referencecell, and globe temperatureswere monitoredto fnsurethat, for all
practicalpurposes,the tw cellsware equivalent. Next w Introduceda serfes
of six retrofftson cell 9. These%odfflcatfonsand the testperfodfor which
they were in place are gfven below:

Cell 9A (Feb.10-16). The
betwwn glazinglayers.

Cell 9B (Feb.18-23). The
lmwn. me measuredsolar

Cell 9C (Feb.25-Mar.2).
left in Dlace and a U.L%08

wfndow was doubleglazedwith a 0.0127m afr gap

exteriorsurfaceof the blockwall was pafnteddark
absorptanceof the da~ brown blockswas 0.90,

The double-glazedwfndowand dark brown paintwere
m-thfck layerof polystyreneboard insulationwas

bondedand sealedon the fnsfdesurfateof the blo~k wall.

Cell 9D (Mar.7-16). The polystyrenewas removedfrcenthe fnsfdesurfaceof the
mock wall. The blockwall was convertedto an unventedTrombewall by placing&
lay@rof acrylfcExollteglazfngtwo fn, from the cuter surface. Cxolftefs R
doubie-walledmaterfalwfth connectingwbs that form rectangularchannelsthat
are roughly0.0127m square.

Cell 9f (Mar.19-25). The Exolfteglazingwas removadand the outer surfaceof
was coveredwfth a 0.U508m-thick layerof polystyreneboard

{n~ulafion~aThe polystyrenewas paint 1 beige.

Cell 9F (M~r.3J-Apr.13). The polystyreneinsulationwas removedfrom the outer
fie77TliFblock wafi and replacedwfth a selectlveabsorbermanufa~turedby
BerrySolar Products.

1
he 8erry foil consistsof zhraneoxide (blackchrome)

teposftedon 8,89 x 10- m-thfckcopper sheet. OevconeDoxycementwa; used to
bond the fofl to the concreteblock surface. The Exollteglazingwas th@nplaced
over the Berryfofl, leavfngan alr gap of 0,0508m to form a sdlectfveabsorbtr
Tronbe#all.

Test cell datawas USL. to validatea computermodel called SUNMIXfor each of
the configurationsdescrfbedabove. SUNMIXfs capableof sfmulatfn~the response
of mixed dfrectgafn/themal storagewall butldfngstindis based on an earlfer
computermode?called SUNSPOT(Uray,1980).

SIMULATIONANALYSISANO RESULTS

Hawln valfdatedthe SUNMIXcomputermodel for the typ{calNavy concreteblock
!build ng and the SIX r~trofitoptions,annualperformancecalculationsrmre

performedfor buildingsttesin San Otego,Charleston,and Boston, A major Navy
base is locatedtn each of thesecttfes, San Oielchts a vqrymfld cllmatewfth
& JanuaryQv/OOratfo of 2,778kd/m2 00, wtmre Qv IS th~ totalfnlolatton
on a vertfcalsurfaceand OD Is the 18,30Cbtse he?t~ngdtgreedays,
Qv/OO ratfoobservedfn San Olego tndlcatcsth~t a lot of sunshineIS ~f!$!’e
to meet the relativelysmallheat load, In themoderc~ wlntwclfmkte of



Charleston,the JanuaryQ /DD ratio is 1,287,and in Boston,where the winters
&re severe,the Qv/M) rat~odrops to 511 in January. Thus, the threeselected
locationsprovidea rangeofcllmate typesIn Which to test the retrofitdesigns.

The relatlvesolarsavingsfraction(RSSF)of each of the SIX retrofitdesignsIs
plottedin Fig. 2 for each of the three representativecities. The RSSF Is
definedas the energysavedby a particularretrofitconfigurationrelativeto
the origfnalunmodifiedNavy desfgn. Thus, if QAUXIO repnssentsthe auxillary
k-at requiredby the originalbulldlngand QAUXN Is the heat requiredby the
ith retrofit,then the RSSF of the Nth retrofitIs

QAUXIO- OAUXN
RSSF =

~lo “
Tha symbols9A, 98, 9D, 9E, and 9F r~presentretrofitdesignsthatcorrespondto
the testcell conflguratlon$that were testedduringthe winterof 1981 at Los
Alamos. Retrofitdesign9G Is the same as test cell 9C, exceptthat the outer
blockwall colorwas changedfran dark brown to beige so that the effectof
insulationon the Interiorsurfaceof the blockwall could be Isolated.

Note ffrstfranFfg. 2 that retrofit9A, forwhlch the wfndowsrn the southwall
were doubleglazed,yfelds smallenergysavingsthat,as one wouldexpect,
increasewith the severftyof the climate. The observedenergy savingsare not
largebecausethe windowarea for the Navy buildfngsis small,totalfngonly
abokt6% of the gross floorarea.

,*

Fig. 2, Performanceof six retroftt
designs1n three repres~nta-
t!ve cltleso

Next considerretrofit98, which is
identicalto 9A exceptthat the block
wall has been painteddark brownyield-
ing a solarabsorptanceof 0.90 compared
to 0.60 for the orlginelbeigewall.
Only a modestgain fs realtzed in the
cold a.,dcloudyBostonclimate,but the
improvementin both Charlestonand San
O{ego i; qufte significant. Since dark
brownpafntcosts ~o more than beige
paint,the incrementalcost of retrofit
98 comparedto 9A fs zero,making 9B
very attractiveon the bbsisof
econmlcs as well as performance,

Retrofit9D is obtainedby addfng
double-walledExoliteglazfngtr
confi uration9B.

f
A 0.0508m ~ir gap

was a lowedb~tweenthe blockwall and
the innersurfaceof the Exolite. This
retrofftimprovedperformancedramati-
cally ,n all threecities,but, unlike
the previouscase, the Incrementalcost
will be significant.

Finally,the best performancets
achievedin retrofit9F for which the
dark brownpaintof 90 was replacedby
Berryfoil,a selectiveabsorber.
PerformanceIs moderatelyImprovedin
@ll threeclttes.
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Let us returnnow to retrofit9A, the configurationwith double-glazedwindows,
and introduceconsenfationfeaturesratherthan passivesolarfeatures. Retrofit
9G is identicalto 9A, exceptthat 0.0508m of polystyreneboard insulationhas
been placedon the inner surfaceof the blockwall. The results●re (a) 30%more
auxiliaryheat than requiredOy the referencedesignis neededin San Diego, (b)
performanceis slightlyimprovedin Charleston,and (c) energy savingsare
doubledin Bostonrelativeto 9A. These resultsindicatethat insulatingthe
inner surfaceof south-facingblockwalls is detrimentalin warm, sunnyclhates
and is of littlevalue in colder,cloudyclimates. The passivesolaroptions
exhibitmuch greaterpotentialfor energy savings.

Now for one finalexperiment,we take the insulationfrom the insidesurface@f
the blockwall in retrofit9G and place it on the outsidesurfaceto obtain
retrofit9E. The board insulationis paintedthe same beige color as the
exteriorof the blockwall that is ncw covered. Note franFig. 2 that
introductionof thismodif:cat.ionwould be a seriouserror. In San Diego the
RSSF has droppedto a negative84%, indicatingthat we will nawhave to provide
84% more heat thanwas requiredby the originalunmodifiedNavy building. In
Charlestonthe RSSF has droppedto zero, and in Bostonthe energy savingsis
slightlyreducedfrom that observedfor configuration9G. wh:ch had insulationon
the inner surfaceof the blockwall. The generalrule is that insulationshould
never be placedon the outsidesurfaceof south-facingblockwalls. In mild
climates,any insulationon t!w southwall is detrimentalto performance,and in
moderateto severeclimates,insulationon the insidesurfaceyields SMA1lenergy
savingsthat exceedthoseobtainableby insulatingthe outsidesurface.
Insulationon the outer surfaceof south-facingmass walls negatessolargains
thatmight otherwiseoccur,and the penaltyfor negatingthosegains is severein
sunnyclimatesand m!! in cold,cloudycllmetes.

CONCLUSIONS

Doubleglazingtt!ewindowsin concreteblock buildingsis an effectivemans for
reducingener~ consumptionfor spaceheating. The amountof energysaved
dependson the windowarea and the severityof the winterclimate.

The progressiveadditfonof dark brown paint,Exolftaglazing,and Berry selec-
tive absortmrfoil to the south-facingside of concrete>lockbuildingsyields
corresponain~redactionsin energyconsunptinnfor spacaheating. The use of
insulationon $outh-facingcohcreteblockwalls is eitherharmfulor of little
value exceptin severewinterclimates. Mhen such insulationis used, it should
alwaysbe placedon the innersurfaceof the blockwall. An exceptfonto the
rule might ariseIf a buildingexperienceshigh levelsof directgain heating,
but that is a subjertrequirin~additionalrtsearch.
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